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Preamble 

The American Society for Metabolic and Bariatric
Surgery (ASMBS) issued a position statement on the role
of bariatric surgery in class I obesity in 2012 [1] . That
statement was developed in response to inquiries made to
the ASMBS by society members, physicians, patients, hos-
pitals, health insurance payers, policymakers, and the me-
dia regarding the safety and efficacy of bariatric surgery
for patients with body mass index (BMI) 30 to 35 kg/m 

2 .
In the evolving field of bariatric and metabolic surgery,
the Clinical Issues Committee of ASMBS recognized the
necessity to update the position statement since additional
high-quality data has emerged in the past 5 years to sup-
port bariatric surgery in class I obesity. In this updated
statement, the ASMBS recommendations are presented that
are derived from available knowledge, peer-reviewed scien-
tific literature, and expert opinion. The statement may be
revised in the future should additional evidence become
available. The statement is not intended as, and should not
be construed as, stating or establishing a local, regional,
or national standard of care. 

Introduction 

The global pandemic of obesity and its associated co-
morbidities have become a major burden to individual
patients and society at large. Over the last 4 decades,
worldwide prevalence of obesity (BMI ≥30 kg/m ²) in-
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creased from 3% to 10% in men and from 6% to 15%
in women [2] . In 2015, the prevalence of obesity in the
United States among adult women and men was 35%
and 31%, respectively. In 2015, obesity contributed to 4
million deaths worldwide. Cardiovascular disease and di-
abetes were the leading causes of death and disability-
adjusted life-years related to high BMI [3] . Particularly
in the United States, between 1999–2002 and 2011–2014,
the percentage of adults with class I obesity increased from
17.9% to 20.6%. In the United States, more than half of
those who are obese fall into the class 1 obesity range [4] .

The American Medical Association now recognizes obe-
sity, defined as a BMI ≥30, as a chronic multisystem dis-
ease, which is associated with multiple anatomic, physi-
ologic, and psychological consequences [5] . Management
of obesity along with its co-morbidities requires a chronic
disease model of care that includes various therapies, such
as lifestyle, pharmacologic, and surgical intervention to im-
prove long-term outcomes [1] . 

The principal purpose of this review was to assess
the evidence regarding the benefits and risks of bariatric
surgery in patients with class I obesity (BMI of 30.0–34.9
kg/m 

2 ), which constitutes > 20% of the U.S. population
[4] . The current high-quality data support lowering the ar-
bitrary BMI inclusion criteria of 35 kg/m 

2 for bariatric
surgery, which was established > 25 years ago [6–8] . 

Impact of class I obesity on health 

Class I obesity is associated with increased risk of
medical and psychological co-morbidities. The risk of
developing diabetes, hypertension, and dyslipidemia in-
creases with weight gain. Furthermore, weight loss can
er Inc. All rights reserved. 
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significantly reduce the incidence of these cardiometabolic
risk factors. Several studies have shown associations be-
tween class I obesity and nonalcoholic fatty liver disease,
obstructive sleep apnea (OSA), polycystic ovary syndrome,
and bone and joint diseases, among others [9–18] . 

Excess weight is increasingly recognized as an im-
portant risk factor for some cancers [19–24] . A large
standardized meta-analysis showed that in men, a 5-kg/m 

2

increase in BMI was strongly associated with esophageal,
thyroid, colon, and renal cancers. In women, strong
associations between a 5 kg/m 

2 increase in BMI and
endometrial, gallbladder, esophageal, and renal cancers
were found. Furthermore, weaker positive associations
(relative risk < 1.2) between increased BMI and many
other cancers were observed [19] . 

A meta-analysis of 89 studies showed significant as-
sociations between all classes of overweight/obesity and
type 2 diabetes, hypertension, coronary artery disease, con-
gestive heart failure, stroke, asthma, pulmonary embolism,
gallbladder disease, 9 common cancers, osteoarthritis, and
chronic back pain. Although patients with class I obesity
were not separately analyzed from overweight or patients
with more severe forms of obesity, the findings were con-
sistent in overweight and all 3 classes of obesity, showing
the effect of class I obesity in the pathogenesis of these
conditions [15] . 

From a mortality standpoint, an adjusted collaborative
analysis of data from almost 900,000 adults in 57 prospec-
tive studies showed that overall mortality was lowest at ap-
proximately 22.5 to 25 kg/m 

2 in both sexes and at all ages.
Above this range, each 5 kg/m 

2 higher BMI was associated
with approximately 30% higher all-cause mortality (40%
for vascular; 60%–120% for diabetic, renal, and hepatic;
10% for neoplastic; and 20% for respiratory and for all
other mortality). At 30 to 35 kg/m 

2 , median survival was
reduced by 2 to 4 years [25] . 

It is important to mention that BMI alone is a poor
indicator of adiposity, metabolic disease, and cardiovascu-
lar risk. Individuals with the same BMI can have signif-
icantly different health conditions given the presence of
different visceral fat versus muscle mass [9,26–29] . For
example, the health risk in a patient with BMI 33 kg/m 

2

with visceral and ectopic fat accumulation and subsequent
metabolic disease would be significantly higher than that
of a metabolically healthy obese individual with BMI 37
kg/m 

2 . 
Altogether, we can conclude that class I obesity is

a chronic disease that leads to additional serious co-
morbidities and can possibly shorten life expectancy [1] .
Therefore, class I obesity deserves effective and durable
treatment. 

Nonsurgical treatment of class I obesity 

Safety and efficacy are 2 important factors when con-
sidering a treatment method in clinical practice. In the
treatment algorithm for class I obesity, the best-tolerated
treatment that is effective should be the preferred op-
tion. All individuals seeking weight loss should begin with
nonsurgical therapy and consider bariatric surgery only if
they are unable to achieve sufficient long-term weight loss
and co-morbidity improvement with nonsurgical therapies
[1] . 

Lifestyle modification programs designed to improve
eating habits and physical activity are the first option for
weight control in class I obesity, given their low cost and
the minimal risk of adverse events. However, the modest
weight loss is only partly maintained over time and weight
regain is common after discontinuation of lifestyle inter-
vention program [30–34] . 

Pharmacotherapy is also indicated to augment the
weight loss effects of lifestyle interventions in individuals
with class I obesity. Currently, there are 4 approved
monotherapies (orlistat, phentermine, lorcaserin, and li-
raglutide) and 2 combination weight loss medications
(phentermine–topiramate and naltrexone–bupropion) with
different mechanisms of action. However, patients are
often disappointed by modest weight loss, high cost, and
adverse events [35–41] . 

Endoscopic intraluminal procedures including temporary
intragastric balloons, gastric partitioning procedures, and
gastrointestinal liners have been developed to mimic the
effects of bariatric surgery [42–45] . However, the outcomes
of endoscopic treatments have not been consistent to date.
Specifically, the high-quality data on safety, tolerability,
efficacy, and durability of these procedures in patients with
class I obesity is limited. 

For most people with class I obesity, therefore, it is
clear that the nonsurgical group of therapies will not pro-
vide a durable solution to their disease of obesity. The
majority of individuals with class I obesity will not lose
a substantial amount of weight with these measures, and
for those who do lose weight, the majority will regain the
weight within 1 to 2 years. Systematic reviews of the nu-
merous randomized controlled trials (RCTs) of programs
incorporating diets, exercise, pharmacotherapy, and behav-
ioral therapy have reported a mean weight loss in the range
of 2 to 6 kg at ≤1 year and poor maintenance of that
weight loss beyond that time [1,9,34–37] . 

Nonetheless, within the total group of participants stud-
ied in these trials and within the general practice of
bariatric medicine, approximately 25% to 50% of individ-
uals can achieve substantial weight loss ( > 10% weight) at
1 year and some have been able to maintain meaningful
weight loss for several years. Therefore, before consider-
ing surgical treatment for obesity for any individual, an
adequate trial of nonsurgical therapy should always be re-
quired. If, however, the attempts at treating their obesity
and obesity-related co-morbidities have not been effective,
we must recognize that the individual has a disease that
threatens their health and decreases their life expectancy
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and as such, we must seek an effective, durable therapy,
such as bariatric surgery [1,9,35] . 

Current Position of Bariatric Surgery in Class I 
Obesity 

National Institutes of Health Consensus Conference, USA 

The morbidity and mortality caused by the disease of
obesity is well established and has long been recognized by
all major advisory bodies, including a National Institutes
of Health consensus development conference on obesity in
1985 and a subsequent separate consensus conference on
gastrointestinal surgery for obesity held in March 1991,
which considered the role of bariatric surgery for these
patients [6] . A synthesis of the views of the opinion leaders
present at that time recommended that bariatric surgery
should be considered for those patients with class II and
class III obesity (BMI > 35 kg/m 

2 ). 
Since the National Institutes of Health consensus con-

ference, new procedures have been introduced and la-
paroscopy has largely replaced open surgery, with higher
levels of scientific evidence now available regarding the
health hazards of obesity and the improved risks and ben-
efits of bariatric surgery [46,47] . Given the major changes
that have occurred in this field, it is appropriate to re-
view the data now available, and in the context of bariatric
surgery as it is currently practiced, consider modification
of the arbitrary recommendations established > 25 years
ago [1] . 

Despite attempts to update the recommendations of the
original guidelines [7,8] , private health insurers and Medi-
care continue to rely on the 1991 consensus conference
guidelines to set a baseline for BMI above which bariatric
surgery offers a favorable risk/benefit ratio. The correct
placement of that baseline is of critical importance to the
patient, the healthcare provider, and the payer. In particu-
lar, the time has come to address the appropriate role of
bariatric surgery for the treatment of patients with class
I obesity. This discussion should consider whether class I
obesity is a clinically relevant health problem, whether it
is adequately managed by nonsurgical means, and whether
there is evidence that bariatric surgical procedures provide
a well-tolerated and cost-effective treatment approach [1] . 

International Federation for the Surgery of Obesity and 

Metabolic Disorders (IFSO) 

After comprehensive and careful review of data, the
IFSO issued its position statement on the role of bariatric
surgery in class I obesity in 2014 [9] . This position state-
ment outlined the following: 

1. Access to bariatric surgery should not be denied to
a patient with class I obesity associated to significant
obesity-related co-morbidity simply on the basis of the
BMI level, which alone is an inaccurate index of adipos-
ity and a poor health risk predictor. Patients with class
I obesity who are not able to achieve adequate weight
loss after a reasonable period of nonsurgical therapy
should be considered for bariatric surgery. 

2. Bariatric surgery should be considered in patients with
class I obesity on an individual basis and after a com-
prehensive clinical evaluation of the patient’s global
health and a prediction of its future disease risk. The
use of bariatric surgery in patients with class I obesity
should be considered only after failure of proper non-
surgical therapy. 

3. Indication for bariatric surgery in class I obesity should
be based more on the co-morbidity burden than on BMI
levels. Co-morbidities should be evaluated considering
their likely response to surgery and in relation to how
they can be treated by established medical therapies. 

Joint Statement by International Diabetes Organizations 

The second Diabetes Surgery Summit was an interna-
tional consensus conference that recently convened to col-
laborate with leading diabetes organizations to develop
global guidelines about the benefits and limitations of
bariatric and metabolic surgery for type 2 diabetes. The Di-
abetes Surgery Summit guidelines were formally endorsed
by 45 worldwide medical and scientific societies, includ-
ing the International Diabetes Federation and the American
Diabetes Association [48] . 

The guidelines state that metabolic surgery should be
considered an option to treat type 2 diabetes in patients
with class I obesity and inadequately controlled hyper-
glycemia despite optimal medical treatment by either oral
or injectable medications (including insulin). 

National Institute for Health and Care Excellence, UK 

The National Institute for Health and Care Excellence
guidelines are evidence-based recommendations for health
and care in England. The most recent National Institute
for Health and Care Excellence guideline on obesity was
issued in 2014 [49] , stating that an assessment for bariatric
surgery in people with a BMI of 30 to 34.9 who have
recent-onset type 2 diabetes (defined as a duration of ≤10
yr) is considered as long as they are also receiving or will
receive assessment in a tier 3 service (per National Health
Service England’s report, tier 3 covers specialist weight
management services). 

Bariatric surgery for class I obesity 

There is a robust body of literature to support the safety
profile and efficacy of bariatric surgery in patients with
class I obesity. The first ASMBS position statement in
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2012 summarized data from 4 RCTs [50–53] , 16 obser-
vational studies, and 1 meta-analysis [54] on outcomes of
bariatric surgery in patients with BMI 30 to 35 kg/m 

2 [1] .
In the last 5 years, there is mounting evidence to support
surgical treatment of obesity in patients with class I obe-
sity. 

Since the publication of our first position statement,
there have been an additional 10 systematic reviews and
meta-analyses [55–64] (for a total of 11), and 8 RCTs
[65–80] (for a total of 12) examining the safety and ef-
ficacy of metabolic/bariatric surgery for patients with a
BMI < 35 kg/m 

2 . These analyses continue to demonstrate a
marked and durable improvement in co-morbid conditions,
especially type 2 diabetes, as well as significant weight
loss compared with medical therapy in patients with class
I obesity. 

Meta-analyses and systematic reviews ( Table 1 ) 

Li et al. [54] was the first to publish a meta-analysis in
2012. This group evaluated 13 studies on various bariatric
procedures, all of which evaluated patients with a BMI
< 35 kg/m 

2 . The analysis showed that 80.0% of patients
were able to achieve glycemic control defined as gylcated
hemoglobin (HbA1C) < 7% without medications. This re-
view reported a low incidence of complications as well
(3.2%) with no mortalities. 

Reis et al. [55] conducted a literature review on the
role of various surgeries in patients with type 2 diabetes
and BMI < 35 kg/m 

2 . They found a total of 29 studies
examining ileal-interposition, duodenojejunal bypass, bil-
iopancreatic diversion (BPD), Roux-en-Y gastric bypass
(RYGB), single-anastomosis gastric bypass, sleeve gastrec-
tomy (SG), and adjustable gastric banding (AGB). They
found a mean 5-kg/m 

2 decrease in BMI. In their analysis,
the RYGB and single-anastomosis gastric bypass resulted
in better glycemic control, defined as HbA1C < 6% with-
out antidiabetic medications (70% and 72%, respectively)
compared with the others listed. 

Parikh et al. [56] published a large systematic review
with a variety of surgical interventions examining patients
with type 2 diabetes and class 1 obesity. They found that at
12 months, the rate of diabetes remission (HbA1C < 6.5%
without medications) was 55% (95% confidence interval,
44%–65%). Rate of remission ranged with procedure per-
formed; AGB had the lowest rate of diabetes remission
(33%), single-anastomosis gastric bypass with 49%, SG
with 54%, RYGB with 64%, and BPD with 70%. They
found a low incidence of major complications (5.4%) and
mortality (.4%). 

A review from the Agency for Healthcare Research
and Quality analyzed 24 studies examining safety and ef-
ficacy of surgical intervention versus medical therapies
with a wide range of follow-up [57] . This comprehen-
sive report showed that favorable cardiometabolic changes
were more prominent after bariatric surgery compared with
lifestyle/medical interventions. The review concluded that
there is moderate strength evidence of efficacy for RYGB,
AGB, and SG as treatment for diabetes and prediabetes
in patients with class I obesity in the short term (up
to 2 yr). The strength of evidence for BPD was rated
low because there were fewer studies with smaller sample
sizes. Improvements in hypertension, low-density lipopro-
tein cholesterol, triglycerides, obstructive sleep apnea, and
gastroesophageal reflux disease were also reported in some
surgical studies. Short-term rates of adverse events associ-
ated with bariatric surgery were relatively low. One death,
a case of sepsis at 20 months in an AGB patient, was re-
ported. Short-term complications were minor and tended
not to require major intervention. The report also showed
that unwanted excessive weight loss would be very rare
after standard bariatric procedures. 

Ngiam et al. [58] published a large analysis on a variety
of surgical interventions for class I obesity. They found that
the magnitude of weighted HbA1C change in patients with
BMI < 35 kg/m 

2 undergoing bariatric surgery is similar to
patients with BMI > 35 kg/m 

2 ( −2.8% versus −2.7%), de-
spite having a smaller reduction in weighted BMI ( −5.5
versus −13.9 kg/m 

2 ). This would alleviate some fear that
bariatric surgery in class I obesity will result in excessive
weight loss and malnutrition. The review found AGB and
duodenojejunal bypass were inferior to other surgeries in
reducing BMI and HbA1C. The mean rate of all compli-
cations was 8.1% across all types of surgeries. There were
a total of 5 mortalities reported across all studies giving a
mortality rate of .02%. 

Adegbola et al. [59] reviewed a smaller series of strictly
AGB patients with BMI < 35 kg/m 

2 . These 6 studies re-
ported a mean excess weight loss of 58% to 87% at 2
years. They also reported improvement of co-morbid con-
ditions, most commonly type 2 diabetes, depression, arthri-
tis, hyperlipidemia, and obstructive sleep apnea, as well
as metabolic syndrome. Thirty-four patients (6.6%) devel-
oped complications. Adverse events were most commonly
related to band complications (n = 30, 5.8%), such as slip-
page or migration (3.9%) and rarely erosion (.4%). 

Muller-Stich et al. [60] published a large systematic re-
view of randomized and nonrandomized controlled studies
that directly compared surgical versus medical therapy in
the treatment of diabetes with a short-term follow-up of 1
to 3 years. While all 13 included studies had patients with
BMI < 35 kg/m 

2 , one caveat is that the review was not
solely on class I obesity and some studies had patients with
BMI > 35 kg/m 

2 . This analysis found that bariatric surgery
was associated with a higher diabetes remission rate (odds
ratio [OR]: 14), higher rate of glycemic control (OR: 8),
and lower HbA1C level (mean difference: −1.4%) than
medical treatment. BMI (mean difference: −5.5 kg/m 

2 ),
rate of arterial hypertension, and dyslipidemia were signif-
icantly lower after surgery. 
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A smaller systematic review and meta-analysis, the study
by Rao et al. [61] examined the effect of RYGB on dia-
betes solely in patients with BMI < 35 kg/m 

2 . There was a
significant decrease in HbA1C ( −2.8%) as well as plasma
glucose ( −60 mg/dL). They reported zero deaths and mean
hospital stay was 2.0 to 3.2 days. 

Panunzi et al. [62] performed a meta-analysis to study
the efficacy of bariatric surgery in remission of diabetes
in patients with BMI < 35 kg/m 

2 versus those with BMI
> 35 kg/m 

2 . The estimated average proportion of diabetic
patients who experienced remission after surgery was sim-
ilar between BMI ≥35 kg/m 

2 and BMI < 35 kg/m 

2 groups
(71% and 72%, respectively). A meta-regression analysis
demonstrated that preoperative BMI was not an indepen-
dent factor in the remission of diabetes. There was also an
improvement in HbA1C that was independent of preopera-
tive BMI, with an average decrease of 2.7%. In a subgroup
analysis, diabetes remission rate was 89% after BPD, 77%
after RYGB, 62% after AGB, and 60% after SG. 

Cummings and Cohen [63] published a meta-analysis of
11 RCTs. They calculated the OR of surgical intervention
versus lifestyle/medical intervention in diabetes remission
at a range of follow-up intervals from 6 to 60 months.
Of the 11 trials, there was only 1 study in which the
OR crossed 1 in which the surgical intervention compared
was AGB. In the other 10 trials, they demonstrated that
surgery significantly improves diabetes more than medical
or lifestyle changes. The strengths of this review were that
they included only level 1 evidence from RCTs. However,
the RCTs included patients with BMI > 35 kg/m 

2 as well.
Recently, Cohen et al. [64] conducted a meta-analysis

on 5 RCTs to assess the impact of RYGB on type 2 dia-
betes in patients with BMI 30 to 40 kg/m 

2 . At the longest
follow-up, RYGB significantly improved total and partial
diabetes remission (OR 17, 95% confidence interval 4–71
and OR 20, 95% confidence interval 5–83, respectively). In
addition, HbA1C was reduced by −1.8% at longest follow-
up after surgery. 

Randomized controlled trials ( Table 2 ) 

There have been 8 interval RCTs [65–80] published
since the last position statement for a total of 12 high-
quality clinical trials. Some of the RCTs were later up-
dated with longer follow-up describing the same patient
population; thus, the paper with the longer follow-up is
included in Table 2 . Of these, 5 deserve special mention. 

O’Brien et al. [51,65] published the first RCT to exam-
ine patients with class I obesity and obesity-related co-
morbid diseases, randomizing between the AGB versus
medical therapy. Eighty patients were randomized to the
band (n = 40) or to medical therapy (n = 40), which in-
cluded behavioral modification, very low-calorie diet, and
pharmacotherapy. The AGB group had an excess weight
loss of 87% compared with 22% in the medical therapy
group at a 2-year follow-up with a follow-up rate of 98% in
the surgical group and 83% in the medical group. Quality
of life improved significantly in the surgical group com-
pared with the nonsurgical group. There were no signif-
icant adverse events, but 4 patients in the surgical group
did require reoperative procedures for posterior prolapse of
their band [51] . This group published a long-term follow-
up at 10 years, which confirmed that surgery produces
durable weight loss as well as diabetes remission [65] . The
surgical group had a mean 10-year weight loss of 14 kg
(63% excess weight loss), which was significantly better
than the nonsurgical group (.4 kg; P < .001). Overall, 7
(12%) patients required band removal [65] . 

Parikh et al. [66] studied 57 patients with class I obesity
and type 2 diabetes. Twenty-eight patients were random-
ized to medical weight management involving diet, exer-
cise, and diabetes medications. Twenty-nine patients were
randomized to bariatric surgery and had the choice to un-
dergo RYGB, AGB, or SG based on preference; SG was
the most popular procedure (n = 16). The surgical group
had significantly greater diabetes remission at 6-month
follow-up (65% versus 0%, P < .0001; defined as HbA1C
< 6.5% or fasting plasma glucose < 126 or glucose < 200
at 120 minutes after 75 g oral glucose load without use of
diabetes medications). The surgical arm also had a lower
HbA1C (6.2% versus 7.8%, P = .002), as well as better
weight loss ( −7.0 kg/m 

2 versus −1.0 kg/m 

2 change in
BMI). The investigators attributed the lack of significant
difference in lipid panel and blood pressure to the fact
that patients were normotensive and did not have hyper-
lipidemia preoperatively. Seven patients crossed over from
the medical to surgical arm at 6 months; of these, 3 pa-
tients experienced diabetes remission at mean follow up of
< 6 months, suggesting that failure of medical management
may be an indication for surgical therapy. There were 2 mi-
nor complications in the surgical arm, 1 patient required
intravenous fluid hydration for dehydration, while another
developed an abscess at a trocar site requiring drainage
and antibiotics [66] . 

Wentworth et al. [67,68] studied the effect of bariatric
surgery, specifically AGB, in the remission of diabetes in
overweight patients with BMI between 25 and 30 kg/m 

2 .
Overall, 51 patients underwent randomization into AGB
(n = 25) or medical management with calorie-restricted
diet (n = 26). The main outcome was diabetes remission,
which was reported 2 [67] and 5 years after randomiza-
tion [68] . There was a significant difference in average
weight lost: 12.2% versus 1.8% in the surgical and the
medical management groups, respectively. At 5 years, 23%
of the surgical group achieved remission (defined as nor-
malization of laboratory glucose measurements off of dia-
betes medications) compared with 9% of the medical arm.
The gastric band participants used fewer glucose-lowering
medications, and their averaged HbA1C over the 5 years
of follow-up was significantly lower than that of control



1076 Ali Aminian et al. / Surgery for Obesity and Related Diseases 14 (2018) 1071–1087 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

group participants. Furthermore, significant improvement
in indices of lipid profile and quality of life was observed
after surgery. Two patients required surgical revision of
their AGB. There were no mortalities reported for this se-
ries. The study concluded that sustained weight loss of
10% weight is a powerful therapy for overweight people
with type 2 diabetes because it delivers clinically mean-
ingful improvements in HbA1C, high-density lipoprotein
cholesterol, and quality of life, and decreases the cost of
glucose-lowering drug therapy [68] . 

Ikramuddin et al. [69–71] studied 120 patients random-
ized to medical therapy or RYGB for treatment of dia-
betes. The study included patients with BMI 30 to 39.9
kg/m 

2 ; 71 patients had BMI < 35 kg/m 

2 , which was sep-
arately reported [72] . Surgical therapy was found to re-
sult in better control of diabetes with 17% experiencing
full remission (HbA1C < 6%) at the 3-year follow-up and
19% experiencing partial remission (HbA1C < 6.5%) of
diabetes compared with 0% with HbA1C < 6.5% in the
medical arm. The surgical arm experienced greater weight
reduction as well, with a mean weight loss of 21.0% ver-
sus 6.3%. The 2 groups’ weight loss differed by 14.8%
at 36 months. In addition, at 36 months, the triple end-
point goal of HbA1C, low-density lipoprotein cholesterol,
and systolic blood pressure reduction was met in 28% of
RYGB patients and only 9% of lifestyle-medical manage-
ment patients ( P = .01). Over 3 years, there were 51 serious
or clinically significant adverse events in the RYGB group
and 24 in the medical group. There was 1 mortality in the
medical group (pancreatic cancer). A cerebrovascular event
occurred in 1 RYGB patient as a complication of surgery
[71] . A subgroup analysis of 71 participants with BMI 30
to 35 kg/m 

2 at 2 years showed that none of the patients
in the medical arm had partial or complete remission of
diabetes. In the RYGB group, however, a substantial pro-
portion of the patients achieved complete or partial dia-
betes remission (57% in Taiwanese and 27% in American
participants) [72] . 

Schauer et al. [73] recently published their 5-year out-
come data for their Surgical Treatment and Medications
Potentially Eradicate Diabetes Efficiently (STAMPEDE)
trial. This 3-armed trial compared intensive medical ther-
apy, RYGB, and SG [53,73,74] . In total, 37% of the pa-
tients had a preoperative BMI < 35 kg/m 

2 , and of the 150
patients originally enrolled, they reported 90% follow-up
rate at 5 years. Both surgical therapy groups demonstrated
statistically superior weight loss and diabetes remission at
1, 3, and 5 years [53,73,74] . Patients who underwent sur-
gical procedures had a greater mean percentage reduction
from baseline in HbA1C level than did patients who re-
ceived medical therapy alone (2.1% versus .3%, P = .003).
At 5 years, changes from baseline observed in the RYGB
and SG groups were superior to the changes seen in
the medical-therapy group with respect to weight ( −23%,
−19%, and −5% in the RYGB, SG, and medical-therapy
groups, respectively), triglyceride level ( −40%, −29%,
and −8%), high-density lipoprotein cholesterol level (32%,
30%, and 7%), use of insulin ( −35%, −34%, and −13%),
and quality-of-life measures ( P < .05 for all comparisons).
No major late surgical complications were reported except
for 1 reoperation [73] . As illustrated in Fig. 1 , there is
a similar decrease in postoperative HbA1C at 5 years in
patients with BMI < 35 compared with BMI > 35 kg/m 

2 ;
thus, demonstrating that preoperative BMI does not predict
magnitude of glycemic response after bariatric surgery. In
addition, as shown in Fig. 2 , there is a smaller change
in postoperative BMI in patients with a preoperative BMI
< 35, with an average 7-kg/m 

2 decrease in BMI in this pa-
tient group. This is likely due to the body’s compensatory
physiologic mechanisms, and helps mitigate concern that
bariatric surgery in class I obesity will result in excessive
weight loss and malnutrition [73] . 

Observational studies ( Table 3 ) 

Multiple prospective and retrospective observational
studies have shown the safety and efficacy of various
bariatric surgical procedures is class I obesity [81–91] . Se-
lected literature has been summarized in Table 3 . 

These studies reported surgical risk, weight loss results,
and co-morbidity reduction consistent with what has been
reported for severe obesity. Improvement in glycemic con-
trol ( Fig. 3 ), hypertension, dyslipidemia, fatty liver disease,
obstructive sleep apnea, asthma, joint pain, urinary incon-
tinence, gastroesophageal reflux disease, and quality of life
has been reported in these studies. Small numbers of pa-
tients, lack of control data, and short-term follow-up, how-
ever, limit most of these observational studies. There was
also variability in the method of weight and co-morbidity
reporting. 

According to these studies, patients with class I obesity
do not lose excessive weight after bariatric procedures, and
BMI usually stabilizes around 25 kg/m 

2 ( Table 3 ). Notably,
the data on safety and efficacy of bariatric surgery in ado-
lescents and in elderly patients with class I obesity are
very limited. 

Safety of bariatric surgery 

According to the literature, as shown before
( Tables 1–3 ), bariatric surgery is associated with modest
morbidity and very low mortality in patients with class I
obesity. 

Furthermore, among 1300 patients with diabetes and a
BMI < 35 kg/m 

2 in the American College of Surgeons data
set, the incidence of all individual major complications was
≤.5% after bariatric surgery except for postoperative bleed-
ing (1.7%). Thirty-day postoperative composite morbidity,
serious morbidity, and mortality rates for total cohort were
4.2%, .7%, and .15%, respectively. Reoperation within 30
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Fig. 1. Findings of Surgical Treatment and Medications Potentially Eradicate Diabetes Efficiently (STAMPEDE) study in patients with mild obesity: 
change in glycated hemoglobin in medical versus surgical (gastric bypass and sleeve gastrectomy) groups by body mass index subgroup Adapted from 

the Massachusetts Medical Association with permission [73] . 

Fig. 2. Findings of Surgical Treatment and Medications Potentially Eradicate Diabetes Efficiently (STAMPEDE) study in patients with mild obesity: 
change in body mass index in medical versus surgical (gastric bypass and sleeve gastrectomy) groups by BMI subgroup. Adapted from the Massachusetts 
Medical Association with permission [73] . 

 

 

 

 

 

 

 

 

 

 

 

days from the index surgery was necessary in 1.6% of pa-
tients. Smoking was identified as a modifiable risk factor
for early complications after bariatric surgery in patients
with diabetes and lower BMI. Thirty-day morbidity rates
were not significantly different between those who under-
went RYGB compared with SG [92] . 
A total of 235 patients with type 2 diabetes and BMI
< 35 kg/m 

2 were included in the Bariatric Outcomes Lon-
gitudinal Database. AGB and RYGB were the most com-
monly reported surgical procedures in the study population,
with 109 cases of each. Ninety-day complications were
more common after RYGB compared with AGB (18%
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Fig. 3. Changes in glycated hemoglobin (A) and body mass index (B) over time in medical versus surgical (gastric bypass and sleeve gastrectomy) 
groups of patients with type 2 diabetes who have a BMI < 35 kg/m 

2 . Adapted from the American Medical Association with permission [85] . 
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Table 1 
Systematic reviews and meta-analyses of bariatric surgery studies including patients with body mass index < 35 kg/m 

2 . 

Author, yr Types of surgical intervention N patients 
(N studies) 

Average BMI loss, kg/m 

2 Health outcomes 

Li et al., 2012 [54] RYGB, BPD, SAGB, DJB, 
SG-IT 

357 (13) 5 (17 kg) HbA1C < 7% without medication: 80% 

Significant reduction in HbA1C (2.6%), FPG 

(4.8 mmol/L), triglycerides (57 mg/dL), and 
total cholesterol (48 mg/dL) 

Reis et al., 2012 [55] AGB, SG, RYGB, BPD, SAGB, 
DJB, IT 

1209 (29) 5 HbA1C < 7% without medication: 84% 

Significant reduction in HbA1C (3%), FPG (94 
mg/dL) 

Parikh et al., 2013 
[56] 

AGB, SG, RYGB, BPD, SAGB, 
IT 

1389 (39) 5 HbA1C < 6.5% without medication: 55% 

Maglione et al., 2013 
[57] 

AGB, SG, RYGB, BPD NR (24) 5–7 (15–20 kg) Significant reduction in HbA1C (1.85–3.1%) 
Improvements in hypertension, LDL, 
triglycerides, OSA, and GERD 

Ngiam et al., 2014 
[58] 

AGB, SG, RYGB, BPD, SAGB, 
DJB, SG-IT, SG-JT 

2258 (53) Average: 5.5 
AGB: 5 
DJB: 4 
SG: 7 
RYGB: 6 
SAGB: 6 
BPD: 6 

Average reduction in HbA1C: 2.8% 

AGB: 1.7% 

DJB: 1.7% 

SG: 3% 

RYGB: 2.9% 

SAGB: 3.1% 

BPD: 3.1% 

Adegbola et al., 2014 
[59] 

AGB 515 (6) 4–8 (EWL 58%–87%) Improvement of co-morbid conditions including 
diabetes, hyperlipidemia, metabolic syndrome, 
arthritis, and depression 

Muller-Stich et al., 
2015 [60] 

AGB, SG, RYGB, BPD, DJB 818 (13) 5.5 Significant reduction in HbA1C (1.4%) 
Improvement of diabetes, hypertension, and 
dyslipidemia 

Rao et al., 2015 [61] RYGB 343 (9) 7.4 Significant improvement of diabetes 
Panunzi et al., 2015 

[62] 
AGB, SG, RYGB, BPD 1138 (35) 5.3 (18 kg) Diabetes remission in 72% 

Significant reduction in HbA1C (2.7%) 
Cummings and 

Cohen, 2016 [63] 
AGB, SG, RYGB, BPD 1090 (11) NR Significant improvement of diabetes 

Cohen et al., 2017 
[64] 

RYGB NR (5) NR Significant improvement of diabetes and HDL 

BMI = body mass index; RYGB = Roux-en-Y gastric bypass; BPD = biliopancreatic diversion; SAGB = single-anastomosis gastric bypass; 
DJB = duodenojejunal bypass; SG-IT = sleeve gastrectomy with ileal transposition; HbA1C = glycated hemoglobin; FPG = fasting plasma glucose; 
AGB = adjustable gastric banding; SG = sleeve gastrectomy; LDL = low density lipoprotein; OSA = obstructive sleep apnea; GERD = gastroesophageal 
reflux disease; SG-JT = sleeve gastrectomy with jejunal transposition; EWL = excess weight loss; NR = not reported; HDL = high density lipoprotein. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

versus 3.3%, P < .05). The most commonly reported com-
plications were minor in nature, including nausea/vomiting
(n = 5) and gastrointestinal anastomotic stricture (n = 4).
Serious complications including anastomotic leak, intraab-
dominal bleeding, and internal hernia were reported in 1
patient each after RYGB; no mortalities were reported [89] .

Cost-effectiveness 

Recognition of efficacy and safety of surgery may not
suffice for advocacy of bariatric surgery for class I obesity.
Economic evaluation to determine the cost-effectiveness of
bariatric surgery for mild obesity has also been performed.

The majority of studies support cost-effectiveness of
surgery over medical therapy in patients with severe obe-
sity, especially in patients with type 2 diabetes. Recently,
several clinical and economic reviews examined the value
of bariatric surgery in class I obesity. 
According to one analysis, the cost-effectiveness esti-
mates for bariatric surgery across all BMI classes over
a 10-year period ranged approximately from $24,000 to
$63,000 per quality-adjusted life year (QALY) gained
versus conventional treatment, which would be within
commonly-accepted thresholds for cost-effectiveness (i.e.,
$50,000–$100,000 per QALY gained). These findings were
robust to a range of sensitivity analyses, including elimina-
tion of mortality benefit for bariatric surgery and complete
weight regain 5 years after surgery. Importantly, while the
most favorable results were seen in patients with BMI
≥40 due to greater weight loss (and corresponding gains
in quality of life), surgery produces cost-effectiveness
ratios within the commonly accepted range among those
with class I obesity, with findings ranging from $40,000
to $60,000 per QALY gained versus conventional treat-
ment. Interestingly, in contrast with bariatric surgery, the
more modest weight loss achieved with vagal blocking
therapy and naltrexone/bupropion therapy resulted in
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Table 2 
Randomized clinical trials of bariatric surgery in patients with body mass index < 35 kg/m 

2 . 

Author, Year BMI range Follow-up 
time 

Follow-up 
rate 

Study Arms N Weight loss Health outcomes 

Dixon et al., 2008 [50] 30–40 2 yr 92% AGB 30 WL: 20% 

EWL: 62.5% 

Significant improvement in diabetes, lipid profile, metabolic 
syndrome, and number of cardiovascular and diabetes medications 
after surgery Medical therapy 30 WL: 1.4% 

EWL: 4.3% 

O’Brien et al., 2013 [65] 30–35 10 yr 78% AGB 40 14 kg 
EWL: 63% 

Significant improvement of metabolic syndrome in the 
surgical/crossover combined group 

Medical therapy 40 .4 kg 
EWL: 0% 

Liang et al., 2013 [75] Mean: 30 1 yr 94% RYGB 31 BMI: 30 to 15 Significant improvement in diabetes, lipid profile, inflammatory 
markers, and cardiac structure after surgery Medical therapy 36 BMI: 30 to 30 

Medical therapy 
including Exenatide 

34 BMI: 30 to 27 

Lee et al., 2014 [76] 25–35 5 yr 80% SAGB 30 WL: 23% 

BMI: 30 to 23 
Significant improvement in diabetes, lipid profile, and blood 
pressure after SAGB group compared with SG 

SG 30 WL: 20% 

BMI: 31 to 25 
Parikh et al., 2014 [66] 30–35 6 mo 77% RYGB, SG, or AGB 29 7 kg/m 

2 

EWL: 60% 

Significant improvement in glucose control and number of diabetes 
medications after surgery 

Medical therapy 28 1 kg/m 

2 

EWL: 7% 

Wentworth et al., 2014 [68] 25–30 5 yr 88% AGB 25 WL: 12% Significant improvement of diabetes, lipid profile, and quality of life 
after surgery Medical therapy 26 WL: 2% 

Halperin et al., 2014 [77] 30–42 (n = 13 
with BMI < 35) 

1 yr 100% RYGB 19 10 kg/m 

2 Significant improvement of diabetes, lipid profile, blood pressure, 
and cardiovascular risk scores after surgery Medical therapy 19 2 kg/m 

2 

Ikramuddin et al., 2015 [71] 30–39.9 (n = 71 
with BMI < 35) 

3 yr 85% RYGB 60 WL: 21% Significant improvement of diabetes, blood pressure, and lipid 
profile after surgery Medical therapy 60 WL: 6% 

Courcoulas et al., 2015 [78] 30–40 (n = 26 
with BMI < 35) 

3 yr 85% RYGB 20 25 kg 
WL: 25% 

Significant improvement of diabetes, blood pressure, and lipid 
profile after surgery 

AGB 21 15 kg 
WL: 15% 

Medical therapy 20 5 kg 
WL: 6% 

Ding et al., 2015 [79] 30–45 (n = 15 
with BMI < 35) 

1 yr 90% AGB 18 13.5 kg 
Medical therapy 22 8.5 kg 

Cummings et al., 2016 [80] 30–45 (n = 11 
with BMI < 35) 

1 yr 100% RYGB 15 WL: 26% Significant improvement in diabetes, systolic blood pressure, and 
number of diabetes and antihypertension medications after surgery Medical therapy 17 WL: 6% 

Schauer et al., 2017 [73] 27–43 (n = 49 
with BMI < 35) 

5 yr 90% RYGB 50 23 kg Significant improvement in diabetes, lipid profile, number of 
cardiovascular and diabetes medications, and quality of life after 
surgery 

SG 50 19 kg 
Medical therapy 50 5 kg 

BMI = body mass index; AGB = adjustable gastric banding; WL = weight loss; EWL = excess weight loss; RYGB = Roux-en-Y gastric bypass; SAGB = single-anastomosis gastric bypass; 
SG = sleeve gastrectomy. 
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Table 3 
Selected observational studies of bariatric surgery in patients with body mass index < 35 kg/m 

2 . 

Author, Year Study type BMI range Procedure (N) Follow-up 
time 

Follow-up rate Weight loss BMI change, 
kg/m 

2 
Health outcomes 

Murad, 2017 [81] Prospective 30–35 RYGB (102) 2 yr 100% (at least 
1 yr) 

NR 32 to 25 HbA1C decreased from 8.7%–5.2% after RYGB. 
HbA1C < 6% off medications: 92% 

HTN control: 89% 

HLD control: 85% 

Berry, 2017 [82] Retrospective 30–35 SG (252) 3 yr 44% WL: 22% 

EWL: 75% 

32 to 25 Remission and improvement (%): 

- HLD (52) 
- HTN (75) 
- NAFLD (85) 
- GERD (65) 

T2D: 

- Remission: 60% 

- Improvement: 40% 

Noun, 2016 [83] Retrospective 30–35 SG (541) 1 yr 98% WL: 24% 33 to 25 Remission and improvement (%): 

- HLD (86) 
- T2D (92) 
- HTN (85) 
- Back/joint pain (94%) 
- OSA (100) 
- SUI (89) 
- Chronic headache (95) 
- Menstrual irregularity (95) 

Kular, 2016 [84] Retrospective 30–35 SAGB (128) 7 yr 84% EWL: 78% 33 to 25 HbA1C decreased from 10.7%–5.7% after SAGB. 
HbA1C < 6% off medications: 53% 

HbA1C < 7% at 7 yr: 86% 

Hsu, 2015 [85] Retrospective < 35 Two groups: 
Metabolic surgery 
(52) [SG (19), 
RYGB/SAGB (33)] 
versus 
Medical therapy 
(299) 

5 yr 85% −17 kg versus 
−1 kg 

31 to 24 versus 
29 to 29 

HbA1C reduction: 

- surgical group: 2.7% 

- medical group: .03% 

Complete Remission of T2D: 

- surgical group: 36% 

- medical group: 1.2% 

Significant improvement of HTN and HLD in surgical 
group compared with medical group. 
Mortality: 

- surgical group: n = 1 (1.9%) 
- medical group: n = 9 (3.0%) 

( continued on next page ) 
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Table 3 ( continued ) 

Author, Year Study type BMI range Procedure (N) Follow-up 
time 

Follow-up rate Weight loss BMI change, 
kg/m 

2 
Health outcomes 

Maiz, 2015 [86] Retrospective < 35 SG (836), RYGB 

(283) 
1 yr 67% EWL: 108% 33 to 25 Remission/improvement rates (%): 

- T2D 54/39 
- HTN 58/29 
- HLD 54/30 

Cohen, 2012 [87] Prospective 30–35 RYGB (66) 5 yr 100% WL: 36% The lowest 
postoperative 
BMI: 23.6 

HbA1C decreased from 9.7% to 5.9% after RYGB. 
HbA1C < 6.5% off medications: 88% 

HTN control off medications: 58% 

HLD control off medications: 64% 

Scopinaro, 2011 [88] Prospective 25–30 
30–35 

BPD (15) 
BPD (15) 

2 yr 100% 80 to 71 kg 
89 to 74 kg 

28 to 25 
33 to 27 

HbA1C decreased from 9.1% to 6.9% 

HbA1C decreased from 9.5% to 5.9% 

DeMaria, 2010 [89] Retrospective 30–35 RYGB (109) 
AGB (109) 

1 yr 62% 

69% 

NR 34 to 27 
34 to 31 

55% off T2D medications 
27% off T2D medication 

Parikh, 2006 [90] Prospective 30–35 AGB (93) 3 yr 89% EWL: 54% 33 to 27 Improvement of co-morbid conditions (T2D, HTN, 
OSA, asthma, arthritis, and depression) in most 
patients 

Angrisani, 2004 [91] Retrospective 25–35 AGB (210) 5 yr 72% EWL: 72% 34 to 28 Resolution of co-morbid conditions in 89% at 1 yr 
after AGB. 

BMI = body mass index; RYGB = Roux-en-Y gastric bypass; NR = not reported; HbA1C = glycated hemoglobin; HTN = hypertension; HLD = hyperlipidemia; SG = sleeve gastrectomy; 
WL = weight loss; EWL = excess weight loss; NAFLD = nonalcoholic fatty liver disease; GERD = gastroesophageal reflux disease; T2D = type 2 diabetes; OSA = obstructive sleep apnea; SUI = stress 
urinary incontinence; SAGB = single-anastomosis gastric bypass; BPD = biliopancreatic diversion; AGB = adjustable gastric banding. 
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Fig. 4. Findings of a meta-analysis in patients with type 2 diabetes who have a body mass index < 35 kg/m 

2 : mean body mass index and glycated 
hemoglobin change according to surgery type. ∗P < .01 change relative to adjustable gastric band. Modified from the Springer Science and Business 
Media with permission [58] . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

cost-effectiveness ratios ranging from $102,000 to
$173,000 per QALY gained across all BMI classes [93,94] .

In another analysis, the cost-effectiveness of RYGB in
morbidly obese individuals was approximately $31,000 per
QALY gained versus $53,000 per QALY gained in pa-
tients with BMI 30 to 35 kg/m 

2 (again within commonly-
accepted thresholds for cost-effectiveness, i.e., $50,000–
$100,000 per QALY gained) [94,95] . 

A cost-effectiveness evaluation of AGB in patients with
class I obesity showed that surgery was more costly than
nonsurgical management, but resulted in improved out-
comes. The incremental cost-effectiveness ratio, which is
a measure of the additional cost to achieve an additional
benefit, reduced with a longer time horizon from £60,754
at 2 years to £12,763 at 20 years. In the probabilistic sen-
sitivity analysis, the probability of surgical management
being cost-effective (compared with an intensive medical
program) was 98% at a willingness-to-pay threshold of
£30,000 per QALY with a 20-year time horizon. In con-
trast, for a 2-year time horizon, the probability of surgi-
cal management being cost-effective was zero [96] . The
reduction in the incremental cost-effectiveness ratio with
longer time horizons is driven by a greater proportion of
people experiencing resolution of their diabetes in the sur-
gical group, compared with the nonsurgical group [97] . 

Preferred procedure in class I obesity 

The decision regarding the choice of bariatric procedures
must take into account the risk/benefit analysis for a par-
ticular patient, presence of obesity-related co-morbidities
(e.g., type 2 diabetes, gastroesophageal reflux disease) as
well as patient preferences [98] . In the BMI 30- to 35-
kg/m 

2 group and for bariatric surgery in general, there is
currently no predictive method to match a particular pa-
tient with a particular operation to achieve the optimal out-
come. Caregivers must have informative discussions with
patients and reach a mutually agreeable option. Currently,
high-level data support the use of laparoscopic AGB, SG,
and RYGB in this population. RYGB and SG should be
considered as preferred options for patients with type 2
diabetes who may benefit from the additional metabolic
effects these procedures provide in addition to weight loss
[ Fig. 4 ]. In the final analysis, it remains up to the judg-
ment of the treating physician and the patient to choose
the option they feel is in the patient’s best interest. 

Summary and recommendations 

1. Class I obesity (BMI 30–35 kg/m 

2 ) causes or exacer-
bates multiple other diseases, decreases longevity, and
impairs quality of life. Patients with class I obesity re-
quire durable treatment for their disease. 

2. Current nonsurgical treatments for class I obesity are
often ineffective at achieving major, long-term weight
reduction and resolution of co-morbidities. 

3. The existing BMI inclusion criterion of ≥35 kg/m 

2 

as a prerequisite for bariatric and metabolic surgery—
excluding individuals with class I obesity—was estab-
lished arbitrarily more than a quarter century ago, in the
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era of open surgery when morbidity and mortality of
surgery was significantly higher than today. There is no
current evidence of clinical efficacy, cost-effectiveness,
ethics, or equity that justifies this group being excluded
from life-saving surgical treatment. Access to bariatric
and metabolic surgery should not be denied solely based
on this outdated threshold. 

4. For patients with BMI 30 to 35 kg/m 

2 and obesity-
related co-morbidities who do not achieve substan-
tial, durable weight loss and co-morbidity improvement
with reasonable nonsurgical methods, bariatric surgery
should be offered as an option for suitable individu-
als. In this population, surgical intervention should be
considered after failure of nonsurgical treatments. 

5. Particularly given the presence of high-quality data in
patients with type 2 diabetes, bariatric and metabolic
surgery should be strongly considered for patients with
BMI 30 to 35 kg/m 

2 and type 2 diabetes. 
6. AGB, SG, and RYGB have been shown to be well-

tolerated and effective treatments for patients with BMI
30 to 35 kg/m 

2 . Safety and efficacy of these procedures
in low-BMI patients appear to be similar to results in
patients with severe obesity. 

7. Perioperative and long-term nutritional, metabolic, and
nonsurgical support must be provided to patients after
surgery according to established standards, including the
ASMBS Clinical Practice Guidelines [99] . 

8. Currently, the best evidence for bariatric and metabolic
surgery for patients with class I obesity and co-morbid
conditions exists for patients in the 18 to 65 age group.
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